Gonorrhea may become untreatable, and new treatment options are essential. We investigated the in vitro activity of the first fluoroketolide, solithromycin. Clinical Neisseria gonorrhoeae isolates and reference strains (n ‫؍‬ 246), including the two extensively drug-resistant strains H041 and F89 and additional isolates with clinical cephalosporin resistance and multidrug resistance, were examined. The activity of solithromycin was mainly superior to that of other antimicrobials (n ‫؍‬ 10) currently or previously recommended for gonorrhea treatment. Solithromycin might be an effective treatment option for gonorrhea.
N
eisseria gonorrhoeae resistance to antimicrobials previously recommended for treatment of gonorrhea is common worldwide. Currently, first-line treatment is the extended-spectrum cephalosporins (ESCs) cefixime and ceftriaxone. ESC susceptibility has, however, decreased rapidly during the last decade (1, 4, 8, 12, 15, 16, 18, 19, 28, 29, 36) . Treatment failures with cefixime have been verified in Japan (9, 40) and Europe (13, (33) (34) (35) . With ceftriaxone, three cases of failure treating pharyngeal gonorrhea were confirmed in Australia (30) and Sweden (32) ; however, the ceftriaxone MICs of these isolates were only slightly elevated. It is of grave concern that in the past year the two first extensively drug-resistant (XDR) gonococcal strains, H041 (21) and F89 (33) , which are highly resistant to all ESCs and related to ESC treatment failure, were described from Japan and France, respectively. If these strains spread internationally, gonorrhea may become untreatable (21, 29, 33) , and it is imperative to promptly develop new treatment options. Recently, the first fluoroketolide, solithromycin (CEM-101) (Fig. 1) , entered clinical development. Solithromycin has shown advantages over other macrolides in activity against many bacterial pathogens (2, 10, 17, 20, 23, 24, 37, 38) . The chemical alterations of solithromycin appear to account for morepotent antimicrobial activity but also greater metabolic stability and tolerability. In a previous study (23) , solithromycin was more potent than azithromycin against a small collection of gonococcal isolates. However, only 34 gonococcal isolates were tested, none of which displayed high-level azithromycin resistance.
We investigated the in vitro activity of solithromycin (CEM-101) against clinical gonococcal isolates and international reference strains (n ϭ 246), including strains with high-level resistance to various antimicrobials, relative to the activities of other antimicrobials (n ϭ 10) currently or previously recommended for gonorrhea treatment and the activity of telithromycin (the first developed ketolide).
In total, 100 consecutive clinical Swedish gonococcal isolates obtained in 2011 and clinical isolates (n ϭ 118) and reference strains (n ϭ 28) selected for their resistance phenotype (cultured from 1991 to 2011) were examined. The collection contained geographically (mainly global representativeness), temporally, and genetically diverse isolates, including the XDR gonococcal strains H041 (21) and F89 (33), with clinical high-level resistance to all ESCs, additional isolates that showed ESC resistance and that were related to ESC treatment failure (n ϭ 4) (32, 34, 35) , and isolates with other types of multidrug resistance (MDR) ( Table 1 ). The WHO 2008 N. gonorrhoeae reference strains (n ϭ 8) (31) were used for quality control. The MICs of solithromycin, azithromycin, erythromycin, and telithromycin were determined by the agar dilution technique recommended by the Clinical and Laboratory Standards Institute (CLSI) (7) . The MICs of cefixime, ceftriaxone, ampicillin, ciprofloxacin, spectinomycin, and tetracycline were determined using the Etest (AB bioMérieux, Solna, Sweden) (Table 1).
The MIC 50 , MIC 90 , and MIC range of solithromycin were 0.125 g/ml, 0.25 g/ml, and 0.001 to 32 g/ml, respectively. The MIC 50 and MIC 90 of the other macrolides (azithromycin, telithromycin, and erythromycin) were substantially higher (Table 1) . Only 2.4% (n ϭ 6) of the isolates had an MIC of Ͼ0.5 g/ml for solithromycin (1, 4, 4, 4, 16 , and 32 g/ml) (Fig. 2) , and the corresponding MICs of azithromycin (telithromycin) for these isolates were 2 (0.5), 4 (4), 8 (4), Ͼ256 (Ͼ256), Ͼ256 (Ͼ256), and Ͼ256 (Ͼ256) g/ml, respectively. For comparison, 11.0% (n ϭ 27), 37.8% (n ϭ 93), and 94.3% (n ϭ 232) of all isolates had an MIC of Ͼ0.5 g/ml for telithromycin, azithromycin, and erythromycin, respectively. For all isolates with in vitro and clinical resistance to cefixime (n ϭ 16; 6.5%) and ceftriaxone (n ϭ 3; 1.2%), the MIC 50 , MIC 90 , and MIC range of solithromycin were 0.125 g/ml, 0.25 g/ml, and 0.064 to 0.25 g/ml, respectively. None of the isolates resistant to ampicillin, gentamicin (n ϭ 2; MIC ϭ 96 g/ml), or spectinomycin had an MIC of Ͼ0.5 g/ml for solithromycin. Only two (0.8%) isolates and three (1.2%) isolates resistant to ciprofloxacin and tetracycline, respectively, displayed an MIC of Ͼ0.5 g/ml for solithromycin.
Herein, we report the first comprehensive evaluation of the activity of the new fluoroketolide solithromycin (CEM-101), relative to the activities of other antimicrobials currently or previously recommended for gonorrhea treatment, against a large collection of N. gonorrhoeae clinical isolates and international reference strains with various clinical XDR and MDR. The activity of solithromycin was superior to that of azithromycin, other macrolides, and many other antimicrobials currently or previously recommended for gonorrhea treatment. Importantly, solithromycin was highly active against gonococcal strains with resistance to ESCs. Consequently, solithromycin may be an effective option for treatment of gonorrhea and especially ESC-resistant cases and for use in antimicrobial combination therapy, particularly because solithromycin also appears to be effective against Chlamydia trachomatis (24) and Mycoplasma genitalium (37) , which are commonly present as concomitant sexually transmitted infections. Combination therapy has been introduced in the United States (39) and the United Kingdom (3), where administration of ESC (ceftriaxone or cefixime [in the United States, if ceftriaxone is not an option]) plus azithromycin (in the United States, azithromycin or doxycycline) is recommended for treatment of uncomplicated anogenital gonorrhea cases. The superior activity of solithromycin combined with the identification of gonococcal isolates with very high-level resistance (Ͼ256 g/ml) to azithromycin in many countries (5, 6, 11, 14, 22, 26) and the gastrointestinal side effects of azithromycin indicates that solithromycin might be a more appropriate choice than azithromycin for treatment of gonorrhea. Solithromycin also has very high activity against intracellular bacteria (17), due to high intracellular accumulation, and is well distributed in extracellular tissues. Finally, solithromycin is well absorbed orally, with high plasma levels and tissue distribution, has chain (circled) and a fluorine atom (circled) substituting for a hydrogen atom in position 2 of the lactone (macrolide) ring. These alterations constitute the main differences compared to the structure of telithromycin (which causes several severe side effects [25] ) and other macrolides-ketolides and appear to account for the more potent activity and great tolerability of solithromycin. a long postantimicrobial effect and anti-inflammatory properties, and appears safe and well tolerated at high doses (1.6-g single dose) (27) .
In conclusion, solithromycin had superior activity against gonococcal isolates compared to activities of azithromycin, other macrolides, and many other classes of antimicrobials. Solithromycin might be an effective option for gonorrhea treatment, as single-antimicrobial treatment especially for ESC-resistant cases and in antimicrobial combination therapy. However, it will be crucial to perform additional in vitro studies investigating solithromycin susceptibility and also the selection and mechanisms of solithromycin resistance in N. gonorrhoeae (and other pathogens and commensals exposed to the drug during gonorrhea treatment). Furthermore, additional studies regarding pharmacokinetics/ pharmacodynamics of solithromycin (for single-drug treatment and combination therapy, including measurement of concentration and activity of drug in urethral secretions) and clinical trials (measuring parameters such as efficacy, cost, and toxicity) are crucial.
